ABSTRACT Summary: LogoBar is a Java application to display protein sequence logos. In our software gaps are accounted for when calculating the information content present at each residue position in a multiple alignment. The resulting logo is displayed as a graph consisting of bars, although traditional letter representation is also possible. Amino acids are displayed from the bottom up with decreasing frequencies i.e. the most abundant residue is placed at the bottom of the logo. The bars can be color-coded according to user specifications. Gaps in the alignment are also displayed, either on top or at the bottom of the logo. Furthermore, residues can either be arranged according to their relative abundance or grouped according to user criteria to emphasize the conserved nature of particular positions. Availability: LogoBar and further documentation is available at
INTRODUCTION
Sequence logos, first described by Schneider and Stephens (1990) , graphically represent the information present in a multiple sequence alignment. Each position in the logo is represented by a stack consisting of letters occurring at the corresponding position in the alignment. The height of each character is proportional to its frequency, where the most common character is placed at the top of the stack. The height of the entire stack indicates the information content available at that position. Several implementations for creating sequence logos exist; two commonly used ones are available via a web interface (Crooks et al., 2004; Gorodkin et al., 1997) . The present protein sequence logo implementations create visibility problems when several characters at a position are stacked on top of each other. The letters often are substantially distorted, either very tall at highly conserved positions or extremely squashed at less conserved positions. Depending on the settings of the y-axis scale, certain aspects of the logos become difficult to read. Further, none of the existing applications visualizes gaps. Instead, if a column in the alignment contains gaps the height of the displayed amino acids will be adjusted to compensate for this (Schneider and Stephens, 1990) . However, by displaying the gaps as we do in LogoBar, gaps and poorly conserved positions can be distinguished. Further, we display the protein logo as a graph consisting of bars that are color coded instead of using only height-scaled characters. The amino acids are still represented as letters within each bar, but using normal font ratios. The goal was to improve the visibility of the information content of a protein logo.
METHODS
The algorithm for calculating protein logos has been described previously (Schneider and Stephens, 1990) . Here, we modify the algorithm and treat gaps in a distinct way. Even though a gap is obviously not an amino acid, it nevertheless represents a character state at a particular position in an alignment of a conserved motif, i.e. a particular position can have a gap or different types of amino acids. Like amino acids that are represented with different frequencies at particular positions, gaps can or cannot occur with different likelihoods at particular positions within a conserved motif. Since a protein logo should provide us with information about the possible states at each position, it seems logical to include gaps as well.
Our modified formula looks like this:
where log 2 21 replaces log 2 20 of the original formula, since we account for the 20 residues plus gaps. This also results in a slight alteration of the correction factor, e(n). e(n) ¼ ((s À 1)/(2ln(2)n)) is an approximation for the expectation of a sampled uncertainty, where s is the number of possible characters (21 in LogoBar and 20 in traditional sequence logo programs) and n is the number of aligned sequences. The correction factor approaches zero as the number of sequences in the alignment increases. Presently, LogoBar can handle multiple alignments created in Clustal, ClustalX or ClustalW (Thompson et al., 1997; Chenna et al., 2003) . EPS output is produced via the epsgraphics.jar package developed by Paul Mutton (http://www.jibble.org/).
RESULTS
When a multiple sequence alignment file is read by LogoBar an output text file [output.txt] is created in the background. This output file stores various parameters from the input file (name, length, number), as well as three tables created by LogoBar consisting of the number, the frequency and the height of the amino acids at every position in the alignment. Thus a complete data table with the frequency of each residue at each position is generated. Once the output file is created, LogoBar will draw the sequence logo as a graph consisting of colored bars with the most frequent amino acid at the bottom, i.e. the amino acids are displayed in reversed frequency order in comparison with other logos (Fig. 1A) . Within each bar, the letter for the corresponding amino acid is shown. Gaps in the logo are also represented as bars labeled '-'. Various parameters can modify the appearance of the bar graphs: gap bar placement, font size or residue placement within the bar. Further, for long (B) Graph of color-grouped amino acids sorted according to abundance of the color groups. Note that residues with the same color are now grouped together, e.g. position 6. Further, the option is used to show all residues in decreasing order of frequency underneath the graph.
alignments the logo can be split into blocks. Optionally, a traditional character-based logo can also be displayed. Underneath the LogoBar graph a consensus sequence is shown (Fig. 1A) . Optionally additional residues up to a selectable frequency cut-off value (e.g. 5%) can be shown in decreasing order of frequency underneath (Fig. 1B) . A key feature of LogoBar is that amino acids and gaps can be assigned to different groups, maximum 21, but usually only 6-8 depending on how one groups amino acids according to their properties. Each group is given its own color. For example, all acidic residues are placed in group 1, and this group is given the color red, all basic residues are in group 2, which is blue, etc. The legend for these residue assignments is shown in a floating window. Hence, the colored bars of LogoBar give an immediate sense of the residue properties at particular positions. An option allows the bar graph to be sorted such that residues in the same color group are grouped together, see e.g. positions 1, 6 and 22 in Fig. 1B . We have provided several default color groupings and the user can create new ones, e.g. one color scheme allows highlighting of conserved cysteine residues. The screen images drawn by LogoBar can be saved in EPS format for printing or further editing.
LogoBar uses a slightly altered algorithm when calculating the sequence logo from a multiple sequence alignment. However, the key difference between LogoBar and other sequence logo applications is the way in which the logo is represented. We find that our representation does allow for better visualization of protein logo features due to its colored bars which can be grouped. Especially for longer sequences, it is easy to scroll along the logo interactively. Further, many options for coloring bars and displaying gaps are provided. We believe these features will make this program interesting to many other users.
